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The history of mechanics is an extensive field of study and 
to do it full justice would probably require a dozen volumes. 
Professor Szab6, who was a distinguished teacher of mechanics, 
necessarily had to restrict himself to the history of the most 
important mechanical principles, as reflected in the title of 
his book. In the Preface, the author expresses his opinion that 
mechanics as a science began with Galileo. 'The reviewer thinks 
it more precise to say that Galileo was the most influential 
founder of the science of mechanics, because mechanics as a clas- 
sical mathematical science began with the ingenious Pythagorean, 
Archytas of Taranto (A.C. c. 428-c. 347), who has to be considered 
the founder of scientific mechanics. In any history worthy of 
respect, it is absolutely necessary to interpret, to discern, to 
discriminate, and to classify, all of which remain to a consider- 
able extent, like science itself, a matter of opinion and intel- 
lectual taste. In this regard, it is necessary to distinguish 
between the mechanics of the Classical and Hellenistic Greeks, 
and the Western European mechanics proper. Even though Archimedes 
(A.C. c. 287-212) had some notion of weight as a force, which he 
represented mathematically by a line, it was Stevin who estab- 
lished the view, which is central to the mechanics developed in 
Western Europe, that force is a directed quantity--a vector-- 
which can be represented geometrically by an arrow of specified 
length, orientation, and sense. It was Newton who made Stevin's 
force vector an a priori primitive fundamental quantity which is 
mathematically defined and on which Western mechanics as a science 
stands, for the idea of a priori contact forces, as well as forces 
acting at a distance, was consistently used by Newton in all of 
his mechanical problems. This makes European mechanics uniquely 
a mechanics of the a priori concept of force based on a vector 
measure and, therefore, it must be distinguished even from the 
classical mechanics of the ancient Greeks. Szab6 in his book 
does not go into such refinements, since he keeps his arguments 
at the introductory level, by his selection of topi.cs, in order 
to remain safely within the conventional competence of contempor- 
ary university students. 
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Szab6 believes that he has managed, despite the limited num- 
ber of topics of mechanics in his book, to cover the essential 
elements in the development of mechanics, which, in his Goethe- 
inspired opinion, constitutes its "history." Moreover, he makes 
every effort to relate some of these developments to the cultural 
climate of the times, and in this he has succeeded quite well. 
The various chapters of this book are based on the author's stud- 
ies, conducted over more than twenty years, of original sources. 
Although these studies have been published before in various 
German journals, all this material has been reworked, expanded, 
and rearranged by the author in order to make his book, as much 
as possible, a unified treatment of the history of mechanics. 
The physical production of this volume is excellent and the 
paper is of the best quality. The book is attractively illus- 
trated by excellent drawings; one of its most laudable features 
is the extensive file of portraits of scientists discussed in 
the book. The language is quite concise and precise, and the 
style of writing is fluent and interesting. 
A superficial perusal of this history would tend to leave the 
casual reader with the impression that the author owes a great 
deal to the contributions of Truesdell, for the latter has done 
important original research in the history of many topics of 
mechanics, topics which are also examined in this book. In a 
certain sense, this impression is correct, for today, no compe- 
tent history of mechanics can be written which is not intellec- 
tually indebted, in some essential manner, to the important 
historical researches of Duhem and Truesdell. The author has 
extracted from his patient first-hand studies of history of 
mechanical principles a history which has some Truesdellian 
flavor, without being in any way a mere reflection of Truesdell's 
historical researches. 
In the reviewer's opinion, any senior university student in 
physics, engineering, or applied mathematics should be able to 
understand the critical exposition in this quite well written 
book. Inasmuch as the author writes for the student, he has 
appended a few sections of didactic material on some topics which 
help the reader's understanding of the mechanical principles 
under discussion. 
Thus the book has not been written for scholars, but rather 
for students, and this is precisely where its major value resides. 
It seems that for this reason, Szabd did not include in his dis- 
cussions the most recent profound theoretical developments of 
modern continuum mechanics, especially in thermodynamics and gas 
dynamics, and he carefully avoided assessing the venerable works 
of mechanics from the viewpoint of the modern rational mechanics 
which relies on modern functional mathematics. 
The book is divided into five chapters. Chapter I examines 
rigid-body mechanics in Newton's Principia (1687); Euler's laws 
of linear momentum (1750) and moment of momentum (1775) as inde- 
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pendent laws of the mechanics of space-filling bodies; and the 
principle of "lost forces," first established by Jacob Bernoulli 
in 1686 and in an improved form in 1703, modified by Daniel 
Bernoulli in 1734 and a little later by Euler, and applied as a 
general principle by d'Alembert in an obscure manner in 1743, 
and finally, expressed in a more simple virtual work form by 
Lagrange in 1788. 
The important contribution of Hooke in 1670 (published in 
1674) on planetary motion made the mechanical laws the central 
issue in the solution of the planetary orbits. The author fails 
to add that, in 1679, Hooke proposed the inverse-square law of 
universal attraction and clearly asserted that the central prob- 
lem of astronomy was the mathematical derivation of Kepler's 
elliptical orbits of planets from the law of attraction. As 
Hooke drew his inspiration from Kepler, it would have been inter- 
esting to refer to the following ingenious speculations of Kepler: 
that the attractive force between the earth and the moon produces 
the motion of the moon (1596) and that this force diminished with 
distance; that gravity is a general property of all matter and 
that the gravitational attraction (vis prensandi) is proportional 
to the masses of the moon and the earth; that the inertia of 
matter is its resistance to change of motion; and that a centrif- 
ugal force (first suggested by Anaxagoras) keeps the moon from 
falling to earth while the innate force (vis insita) drives it 
along the tangent of its orbit, an idea generalized by Bulliau 
(in Latin, Bullialdus) in 1645 and Borelli in 1666. Later (in 
1621), Kepler speculated that all celestial bodies, like ter- 
restrial bodies, have inertia and, therefore, require a mutual 
attractive force, vis prensandi, which spreads in a rectilinear 
way through space and matter, and which is proportional to the 
two masses and inversely proportional to the distance or its 
square. Still later, Kepler assumed that this idea applies to 
all planets which can be considered as mass-points owing to the 
enormous distances involved. He explained tides by means of the 
attraction of the moon, and he is the originator of the example 
of a falling apple [Astron. nova, Prodromus, Epitome astron.]. 
It would have been worthwhile to mention Ballo, who in 1635, be- 
fore Baliani, distinguished in his inertia principle between mass 
and weight, and who was probably the first to introduce the idea 
of impressed force. Huygens' reference to the inverse-square 
law of attraction for nearly circular orbits would also have been 
worthy of mention. Thus, Newton did not invent the law of uni- 
versal attraction, but he was the first to prove mathematically 
that Kepler's laws follow from it; that is, he was the first to 
solve the central mathematical problem of astronomy set by Hooke. 
The reviewer also thinks that it would have been of value to 
include in this section a brief discussion of Euler's work on 
the array of the moment-of-inertia quantities of a rotating mass 
(now called the Inertia Tensor) and their tensorial transformation 
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laws (1752, 1758, 1765, and 1776), Segner's proof of the existence 
of principal axes of rotation (1755), and Euler's book on analyt- 
ical mechanics (1736) which launched vector analysis in its com- 
ponent form. 
In Chapter II, Section A, the mechanical investigations of 
Leonardo da Vinci, Tartaglia, Benedetti, Galileo, and Descartes 
are briefly discussed. Among works cited are Galileo's important 
results on motion in the Discorsi (1638), which involved the 
Merton Rule, the law of free fall, and the pendulum, as well as 
Descartes' vortex theory of planetary motion, his error-ridden 
laws of impact, and the product of mass and speed as the measure 
of force and its conservation in the universe, which led to a 
great dispute half a century later. The author examines in some 
detail Leibniz' critical memoirs (of 1686 and 1695) on Descartes' 
mechanics, wherein Leibniz asserted that mv and rnv' are the true 
measures of force in statics and dynamics, respectively. As the 
author correctly points out, Leibniz further obfuscated the issue 
by using terms such as "force," "action," and "effect" almost 
synonymously. It is made clear that, at that time, Leibniz was 
unable to show that the quantity of action is mvdv = Fds, which 
he could have easily transformed into mdv = Fdt, thus revealing 
that there exists no unique measure of force. There are reasons 
to believe that later Leibniz might have succeeded in establishing 
the Least Action Principle, but it is incontestable that it was 
Daniel Bernoulli who demonstrated the equivalence of the two forms 
of force measures in 1726, although as the author correctly points 
out, the honor for this accomplishment is undeservedly accorded 
to d'Alembert in the literature. Leibniz had proposed a conser- 
vation principle of "live force" (vis viva) for loss-free motion 
in a gravitational field, an idea which Huygens had already im- 
plicitly used in 1673. Leibniz, and later also Johann Bernoulli, 
recognized that this principle does not apply to inelastic col- 
lision problems by asserting that part of the "live force" is 
lost in the permanent deformation of the colliding bodies and, 
thus, is transformed into other latent forms. 
In this section, Hooke's ' General Rule of Mechanicks," which 
Hooke proposed in 1669 and applied to vibrating-string problems 
in 1678, is not considered. It represents the first application 
of a work-energy method to a deformable elastic-body problem. 
In Section B of Chapter II, the author gives a brief critical 
account of the infamous polemic between Maupertuis and KEjnig 
(which ultimatley led to a court scandal through the vitriolic 
pen of Voltaire). Maupertuis published his Principle of Least 
Action (1740 and 1746) as the famous economizing law of nature 
in which the quantity of action, consisting of a product of mass, 
velocity, and distance, must be a minimum for any physical pro- 
cess. BY means of this law, he handled the problem of central 
impact and the equilibrium of a cantilever. In 1751, Kijnig wrote 
a memoir on vis viva and equilibrium, which contained positive 
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contributions to the energy method, and in the course of his 
exposition, he referred to a letter from Leibniz to Jacob Hermann, 
written in 1708, in which Leibniz had already stated the same 
principle, but as an extremum principle and not as a minimum 
principle. The highly sensitive Maupertuis took this reference 
as an accusation of plagiarism, which it was not, and made it an 
international incident. In this argument, Euler rallied to the 
defense of Maupertuis by providing the requisite, precise scien- 
tific content of the Least Action Principle, while Voltaire ridi- 
culed the pomposity of Maupertuis in a famous diatribe. 
In this section, the author discusses very briefly the extre- 
ma1 principles of Fermat, Leibniz, Daniel Bernoulli, and Euler. 
Section C examines the fundamental pioneering memoir (1696) 
of Johann Bernoulli, in which Bernoulli solved the brachistochrone 
problem by means of a brilliant analogy to the Fermat Principle 
of Least Time. This challenging problem was also solved by 
Leibniz, L'Hospital, Newton, Huygens, and Johann's older brother, 
Jacob Bernoulli, who proposed an isoperimetric variational prob- 
lem, i.e., an extremum principle with given constraint condition, 
attached to his brachistochrone solution. A brief reference is 
made to Euler's creation of a new discipline of calculus, the 
geometrical calculus of variations (1744), which was based on 
the ideas of Leibniz and Jacob Bernoulli. This led to the so- 
called extremal differential equations of Euler and to Lagrange's 
formal completion of the variational calculus. The author does 
not mention that the so-called multiplier of Lagrange was actually 
first introduced and used by Euler in 1732. 
In applications of variational calculus to problems of mechan- 
ics, Szab6 discusses the two appendixes of Euler's famous book 
Methodus inveniendi.... In 1743, Daniel Bernoulli asked Euler to 
prove that the minimization of the "potential force" of the 
elastic band (proportional to strain energy of bending), devised 
by Bernoulli by means of Euler's variational calculus, yields 
Jacob Bernoulli's differential equation for the bending of beams. 
Euler demonstrated, in the first appendix, the validity of Daniel 
Bernoulli's contention and then integrated this differential 
equation to obtain various deflection lines. Here Euler also 
solved the first known proper-value (eigenvalue) problems by 
finding the critical buckling load for slender columns and the 
frequency of vibrating beams as proper values. In the second 
appendix, Euler solved the isoperimetric variational problem for 
the motion of a mass by finding the extremum of the action inte- 
gral under the constraint of conservation of energy, a method 
which led to the principles of Lagrange, Jacobi, Gauss, and 
Hamilton. 
Unfortunately, the author omitted from this section the im- 
portant memoir of Euler (published in 1748) which contains the 
Least Action Principle for a flexible elastic beam subjected to 
conservative loads. This principle includes the variational 
principles for the catenary and elastica, and in it, for the 
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first time, the elastic potential of the bending moment is mea- 
sured by the work done by a stress couple. Regrettably, Szab6 
does not pursue, in his book, the historical development of the 
principle of work, an important theoretical and practical concept. 
Section D of Chapter II offers a concise but adequate presen- 
tation of Lagrange's Principle of Least Action (1788), derived 
from Lagrange's virtual-work form of d'Alembert's Principle, and 
the invariant Lagrangian Equations of Motion in terms of gen- 
eralized coordinates. There are also brief discussions of the 
Principle of Least Constraint of Gauss (1829) (which could also 
be interpreted in terms of Jacob Bernoulli's "lost forces"), 
Hamilton's Principle (1835), and the Hertz Principle (1894), 
which unites Galileo's inertia law with Gauss' Least Constraint 
Principle. 
Section A of Chapter III is devoted to a panoramic look at 
the contributions of Archimedes, Stevin, and Pascal to hydro- 
statics, and to Newton's pioneering efforts in hydrodynamics. 
Section B presents the most extensive available analysis of the 
treatment of hydrodynamic problems (on the basis of general 
mechanical principles) by Daniel and Johann Bernoulli. Daniel 
Bernoulli based his hydrodynamic theory on the Huygens Energy 
Principle (1673), but the renowned Bernoulli Equation did not 
appear in his monograph, entitled Hydrodynamica (1738), because 
Daniel Bernoulli did not introduce the concept of internal pres- 
sure but only that of external boundary pressure. Despite this 
omission, it is the first book on hydrodynamics and the first 
competent analysis of such pressure and of the velocity of a 
moving fluid. 
A greater advance in hydrodynamics, and continuum mechanics 
in general, was made by Johann Bernoulli in his Hydraulica (1740). 
SzabB gives the best available detailed analysis of this impor- 
tant work, which contains the second application of Newton's Law 
to balance the force in a fluid against acceleration, the first 
such application having been made by Daniel Bernoulli in 1727 in 
a study of water jets. Johann Bernoulli broke new theoretical 
ground by distinguishing between kinematics and kinetics of flow, 
by isolating an infinitesimal slice of fluid from the pipe; and, 
most importantly, by introducing the internal pressure which moves 
with the infinitesimal slice of the fluid and by calculating the 
differential pressure force acting on the moving infinitesimal 
slice of the fluid. Johann Bernoulli did not give a partial dif- 
ferential equation of motion, but rather integrated his linear 
momentum equation along the streamline to establish the well- 
known Bernoulli Equation as a generalization of his son's pre- 
viously established results. This may well be the only instance 
in which a scientist in his advanced years was able to make a 
path-breaking contribution to science--in this case, to the un- 
steady flow of perfect fluids with varying cross section. The 
reviewer agrees with Szabo in defending Johann Bernoulli against 
HM9 Essay Review 87 
the accusations of his son, Daniel, that the elder Bernoulli tried 
to arrogate his son's priority in hydrodynamic theory by ante- 
dating his book Hydraulica to 1732, for Johann Bernoulli never 
made a claim to his priority in establishing the energetical the- 
ory of fluids without internal friction. One of Daniel Bernoulli's 
great contributions was his promotion of the definition of work, 
and later, power, in his approach to fluid mechanics, which in- 
spired Euler to use the energetical approach in applied mechanics. 
An examination of Daniel Bernoulli's pioneering work on gaseous 
fluids and internal ballistics in Hydrodynamica closes this 
chapter. 
Section C of Chapter III continues a concise discussion of 
the external ballistic theories of Tartaglia (1539 and 1546), 
Galileo (1638), Newton, Huygens, Johann Bernoulli (1719), Robins 
and Euler (1745), and Lambert (1766), all of which were achieved 
without the aid of thermomechanical considerations. 
Section D takes a brief look at Clairaut's research on the 
figure of the earth (1743). Clairaut's investigations laid the 
mathematical foundation for hydrostatics: for the first time 
general vector fields were considered and integrability conditions 
applied. Euler, and even d'Alembert, learned much from this 
seminal work by Clairaut. Two well-known treatises of d'Alembert, 
on hydrostatics and hydrodynamics (1744) and on hydrodynamics 
(1752), are also explored. The second treatise contains the 
first examples of two-dimensional stationary flows of ideal and 
compressible fluids in which Clairaut's vector fields in their 
Cartesian form are introduced; a solution of the plane potential 
flow is given in terms of complex functions. The last memoir 
also contains the so-called d'Alembert Paradox which, however, 
had already been correctly treated by Euler in 1745. This work 
pioneered in the field theory of a continuum of matter and in 
the analysis of the velocity fields. 
Section E discusses a number of important researches of Euler. 
In a famous memoir of 1750, Euler published his revolutionary vec- 
torial law of linear momentum, fdm v = F, which had been in- 
spired by Johann Bernoulli's method in the latter's Hydraulica. 
Euler introduced his generalized section principle to set up 
the general vectorial equation of notion for mass elements dm. 
He had already realized in 1747 that for all discrete masses, 
mk, the equation of translational motion is mk Gk = Fk (erron- 
eously attributed to Newton, who never established such an 
equation). 
In the Scientia Navalis (1749), Euler introduced his stability 
criterion for small oscillations about equilibrium configurations 
of floating bodies. In 1755, Euler established the general equa- 
tions of notion for fluids expressed in spatial description, and 
introduced the velocity potential for potential flows, which led 
him to the so-called Laplace equation (potential equation). 
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Section F begins with Newton's viscosity hypothesis. The 
author then gives a concise account of Navier's mass-point theory 
of viscous fluids, which created an entirely new field of study 
in 1822, and of Saint-Venant's basic equations of viscous fluids 
(i834), which really represent minor modifications of Cauchy's 
theory of materials that have no elastic properties and, there- 
fore, no hydrostatic pressure in equilibrium. 
Szab6 also discusses Stokes' well-known memoir on fluids 
(1845), which essentially repeated Saint-Venant's equation, but 
otherwise presented important conceptual arguments not given by 
Saint-Venant. Szab6 does not appreciate Stokes' research for 
what it is worth, and he even makes some errors in presenting 
it. He does not mention that Duhem and Stokes simultaneously 
and independently established the conditions A + (2/3)y 1 0 
and )-1 2 0. The fundamental contributions of Osborne Reynolds to 
laminar and turbulent flows--which admitted useful classification 
of approximate solutions of the Navier equation--later established 
by Oseen and by Prandtl (boundary layer theory) for small and 
large Reynolds numbers, are briefly considered. 
Section G begins with the examination of Newton's theory of 
the propagation of sound based on the Towneley-Boyle-Mariotte 
Law, Laplace' improvement of this theory in 1816 and 1823, and 
Poisson's correction of the latter in 1823. Here, the author 
makes too large a concession to a modern viewpoint for the bene- 
fit of the students and, as a result, distorts the historical 
developments. 
Daniel Bernoulli's problem of an efflux of gas through a 
small hole in a container (a problem made important by the in- 
vention of the steam engine) is briefly considered, as is Navier's 
original work on the efflux of gas owing to small pressure dif- 
ference. Saint-Venant and Wanzel brought better insight to this 
problem in a memoir (1839) which is concisely summarized. The 
author makes an effort to explain the mutual influences of gas 
dynamics and thermodynamics by discussing the thermodynamic con- 
tributions of Sadi Carnot, Julius R. Meyer, Gay-Lussac, William 
Thomson (Lord Kelvin), and Clausius, which served as an important 
background to gas dynamics. Unfortunately, the author again 
makes too many concessions to standard practices of thermody- 
namics, no doubt because of the students, and as a result he 
presents a faulty conceptual account of it. The reader is well 
advised to study Truesdell's The Tragicomical History of Thermo- 
dynamics, 1822-1854 (1980, Springer-Verlaq, New York) for a 
proper history of thermodynamics. The author briefly gives 
Euler's unidimensional solutions of gas flow (1729, 1766, and 
1772), to which some improvements were made by Laplace and by 
Poisson. The essentially new insights of Earnshaw (1858) are 
also described. The modern development of gas dynamics began 
with Riemann, who first introduced shock surfaces in a paper of 
1859. Mach carried out experimental work on supersonic waves 
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from 1877 to 1889; this is examined by the author. This chapter 
is closed with a discussion of Richard Becker's little-known re- 
searches on the theory of and experiments on shock waves. Un- 
fortunately, the author does not properly recognize the special 
restrictions Becker imposed on his theory, and he overlooks 
Duhem's pioneering work on shock layers (1903) altogether. 
Chapter IV is concerned with the history of the linear elas- 
ticity theory of homogeneous and isotropic materials. Section A, 
devoted to the history of the theory of vibrating strings, be- 
gins with the early contributions of Mersenne, Saveur, and Newton. 
The author then examines Brook Taylor's pioneering memoir on the 
vibration of taut sinews (1713), in which the fundamental fre- 
quency of a vibrating string is derived. Taylor established 
Newton's Law for the differential element of the string but failed 
to recognize it as a differential equation of motion. 
In 1727 Johann Bernoulli calculated the fundamental frequency 
of vibrating strings made up of one to six discrete masses, a 
problem formerly studied by Huygens. For a continuous vibrating 
string, Bernoulli used Taylor's method and also the Conservation 
of Energy method to obtain the solution. It would have been 
valuable to discuss here Johann Bernoulli's memoir of 1742 on 
bifilar pendulums and weighted cords, because here Bernoulli 
derived the differential equation of finite motion and, for the 
first time, use is made of a single orthogonal frame of reference 
for all positions of the cord. 
A number of important memoirs on vibrating strings, published 
by d'Alembert, Euler, Daniel Bernoulli, and Lagrange, are briefly 
examined by the author. An important memoir of d'Alembert (1747) 
established the first linear partial differential equation as 
the linear wave equation pertaining to small vibrations of the 
string in which time t and string s are the independent variables. 
d'lllembert derived the general wave solutions by a novel method 
of characteristics, but he hedged it with so many unnecessary 
conditions that it had limited value in applications. Euler, 
inspired by d'Alembert's memoir, wrote a tract (1748) on the 
vibrating string, employing spatial variables x and t. It also 
contained the first modern solution in terms of an infinite 
double trigonometric series, although for actual solutions Euler 
admitted only one term. Euler's solution was criticized by 
d'Alembert. In his further studies Euler discovered the prop- 
agation of standing waves and the laws of reflection from the 
ends. 
Daniel Bernoulli, who was the first to understand the general 
character of small vibrations, had recognized by 1739 that many 
simple modes can be excited simultaneously in a vibrating string. 
He published a memoir in 1753 which revolutionized the entire 
field of mathematical physics. Bernoulli gave an infinite double 
trigonometric series solution (the so-called Bernoulli product 
solution, consisting of two factors each of which was a function 
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of one variable only) for the vibrating-string configurations, 
consisting of the superposition of all possible simple modes of 
vibration of the string. Bernoulli presented it as a new phys- 
ical law because the orthogonality properties of trigonometric 
functions necessary for the expansions of initial configurations 
were not available at the time. Euler asserted in 1754 that the 
superposition method of solution applies only if the differential 
equation is linear, but he rejected Daniel Bernoulli's idea that 
the infinite trigonometric series can represent an arbitrary con- 
figuration of the string, because the orthogonality property of 
the trigonometric functions was important for such a demonstra- 
tion. This orthogonality property was not discovered by Euler 
until 1777 in another context, but for some reason, he never 
applied his method (now called the Fourier method) to the vibra- 
ting-string problem. Using a discrete model Lagrange, in 1759 
and 1762, attempted to reestablish Euler's result of 1748 for 
initial-value problems with a continuous string. His expansion 
in terms of arbitrary functions, obtained by passing to the 
limit, was criticized by d'Alembert, who pointed out that the 
limiting process was faulty. Lagrange's effort to disprove 
Daniel Bernoulli's claim was also wrong. In this section of 
Szabo's book , it would have been interesting to examine the re- 
searches of Daniel Bernoulli, Euler, and d'Alembert on the vi- 
bration problem of the continuous heavy cord, for which d'Alembert 
derived in 1743 the first influential partial differential equ- 
ation as a law of motion for a continuous body. 
In Section B, Szab6 gives a brief overview of the pioneering 
researches on the strength of bars, beams, and ropes, made by 
Galileo in 1635, Mariotte in 1680, Leibniz in 1684, Varignon in 
1702, and Parent in 1703. Jacob Bernoulli's investigations 
(1691-1705) of the most difficult problem of the period, the 
finite elastic deformation of a continuous body in the form of 
a cantilever beam in bending, is also covered. Szab6 discusses 
Mariotte's introduction of the neutral line, the linear relation 
between the extension of the fibers and the stretching forces, 
linearly varying tensions in the beam, the deformation of the 
beam, and the mistake Mariotte made in calculating the modulus 
of resistance of the beam. He briefly reviews Leibniz' replace- 
ment, under Mariotte's influence, of fibers in the beam in the 
cross section of rupture with equivalent elastic springs, the 
use of calculus, and the proof that the moment of tensions in 
the cross section is proportional to the second moment of area 
of the cross section. Truesdell has called this memoir of 
Leibniz the very source of the mathematical theory of elasticity. 
The author shows that Jacob Bernoulli tacitly assumed the 
fibers of the beam to deform as elastic springs, the plane cross 
sections to bend into plane cross sections, a general elastic 
law to apply instead of the linear elastic law, and the inexten- 
sible elastic line (the so-called curva elastica) to be the 
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extreme fiber on the concave side of the beam. Bernoulli's lo- 
cation of the elastic line in the bottom of the bent beam was 
criticized by Huygens, who made the observation (as had Bee&man, 
Hooke, and Mariotte before him) that the opposite sides of the 
bent beam are compressed and extended, implying a neutral fiber 
in between, and that the extension of a fiber in the beam is 
inversely proportional to the radius of such an inextensible 
curva elastica. Bernoulli then examined the central location of 
the curva elastica for a symmetrical cross section, establised 
a more general differential equation of flexure, and even exam- 
ined beams with initial curvature--a problem that was later re- 
studied by Euler (1727). The author avers that nowhere did 
Jacob Bernoulli assert, expressis verbis, that the bending moment 
is proportional to the reciprocal radius of curvature of the 
bent beam, and he seems to imply that Jacob Bernoulli never in- 
tegrated the inner tensions over the cross section of the beam, 
an opinion which contradicts that of Truesdell. Szab6 fails to 
draw attention to an important contribution of Jacob Bernoulli 
in his last unpublished paper, written shortly before his death 
in 1705, in which he adumbrated the stress-strain law as a mater- 
ial property by connecting Galileo's notion of the inner stress 
with Beeckman's idea of linear strain as a local measure of de- 
formation. Bernoulli introduced the relation between the mean 
stress and the mean strain as a material property for an elastic 
bar. 
Szab6 examines Parent's important contribution (1713) that 
represents the first complete equilibrium analysis of the strength 
of beams in which the linearly varying internal forces are taken 
into account, the neutral axis of the beam (elastica) is deter- 
mined by force equilibrium of internal forces in the direction 
of the axis of the beam, and the possible presence of a trans- 
verse shear force in the cross section of the beam in the first 
adumbration of the stress principle is examined. 
Euler's memoir on the transverse vibration of beams (1744) 
is given a detailed review by the author. It would have been 
of definite interest to include the following contributions of 
Euler in this section: his discovery of the oblique stress 
resultant vector involving the normal and the transverse shear 
stress resultants for maintaining an elastica in its bent con- 
figuration (1742); his introduction of the linear strain-rate 
tensor as a group of terms with their tensorial transformation 
laws for perfect fluids (1766); his separation of constitutive 
equations from equations of equilibrium and establishment of 
local dynamical equations for the vibrating beam (which relate 
stress resultants, the bending moment, loads, and accelerations 
in simple differential equations) in 1771; his introduction of 
the Stress Resultant Principle (a special case of the Cauchy 
Stress Principle) for axially loaded beams in 1774; and his study 
of the skew elastica problem in 1774-1775, in which the local 
Euler directed base {t, n, b) to the skew elastica and the vec- 
92 Essay Review HM 9 
torial equation of flexure for an initially straight elastic 
beam, M = (B/r)b, where (l/r)b is the local curvature of the bent 
elastica, were given for the first time in an impressive display 
of his mastery of vector algebra and differential geometry. 
In Section C, the author refers briefly to the erroneous 
interpretation by Thomas Young of the elastic modulus of Euler 
(for Young's modulus was not a material constant like that of 
Euler) and to Young's introduction of the shear modulus for tor- 
sion. Szab6 then describes Navier's completion in 1826 of the 
beam theory by explicit symbolic introduction of the elastic 
modulus as a material constant and the second moment of cross- 
sectional area; Navier's founding of the three-dimensional mass- 
point theory of elastic solids with one elastic constant in 1821, 
in which the internal force was not the local stress, but rather 
the resultant of contact forces acting at a point; and Cauchy's 
completion of the foundation of the continuum theory of elasticity 
(1822 and 1827) by defining the stress tensor and local stress, 
establishing linear constitutive equations with two elastic con- 
stants, giving his two axioms of motion, and defining the stress 
and the strain ellipse. 
Section D takes up the history of plate theory. The study 
of surface structures can be considered to have been initiated 
in 1764 by Euler, who published a memoir on bells which he re- 
garded to be sets of curved beams. However, his results were 
erroneous. The theory of Jacob (II) Bernoulli (1788), in which 
the vibrating plate was treated as orthogonal layers of beams, 
was also unsatisfactory. 
After Chladni made acoustics an experimental science (1787) 
and produced the well-known "Chladni figures" on vibrating glass 
plates, an intensive search for the theory of bending of elastic 
plates was launched in 1808 with a competition sponsored by 
Napoleon. The prize was finally won by Sophie Germain in 1816 
after three submissions and some help from Lagrange. Following 
Euler's ideas, she used variational methods and assumed that the 
strain energy stored in the bent plate depends upon the mean 
curvature of the bent plate. This gave the correct form of the 
plate equation but the wrong boundary conditions. Navier (1823) 
and Poisson (1829) rederived Germain's plate equation, but they 
also failed to give a completely sound plate-bending theory. 
Finally, in 1850, Kirchhoff used variational methods to de- 
rive the correct differential equation and boundary conditions 
for the bending of thin plate. He supplied the strain energy 
expression of a bent plate with the missing Gaussian curvature 
term, which also expresses the work done by the torsional moments 
in the plate that were overlooked by Germain. Szab6 gives a 
brief but clear description of the contributions of Germain and 
Kirchhoff, and even of Mathieu's erroneous theory of plates, 
published in 1869. 
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The reviewer regrets that the author did not include the 
further developments of plate theory by Clebsch (1862); Aron's 
founding of thin shell theory (18741, which was influenced by 
the researches of Kirchhoff and Clebsch on plates and Gauss' 
theory of surfaces; and Love's correction to Aron's theory of 
shells (1888). 
Chapter V is devoted to the history of impact theory, which 
is an unusual topic inasmuch as it deals with discontinuous phen- 
omena. In Section A, the author briefly describes Galileo's 
futile effort in 1638 to measure the force of impact; a number 
of correct quantitative laws of elastic impact found by Marcus 
Marci in 1683; the error-laden laws of impact of Descartes; the 
impact theories of Wallis, Wren, and Huygens (1668-1669); 
Mariotte's and Newton's impact experiments, which led Newton to 
his definition of the impact coefficient; and finally, in 1770- 
1772, the path-breaking elastic theory of impact, in which Euler, 
who considered the laws of mechanics of materials, set up dif- 
ferential equations of motion, which are adequate for impact 
problems of two deformable elastic bodies (in some cases, the 
translational and rotational motions were both taken into con- 
sideration). For completeness, the correct vectorial law of 
conservation of linear momentum due to Beeckman (1618) should 
have been mentioned. 
Section B discusses Poisson's important contributions (1835) 
to the elastic-wave theory of impact. Poisson's results, based 
on the one-dimensional wave propagation, were unfortunately 
erroneous, owing to some untenable assumptions. The elastic 
impact of two cylindrical bodies was analyzed by Franz Neumann 
in 1857, as a general elastokinetic problem, and in 1866, by 
Saint-Venant. The theory of hardness was introduced to colli- 
sion problems by Hertz with great virtuosity in 1882, and used 
by Timoshenko in 1913 in a study of the impact of a sphere on an 
elastic beam. 
The author also gives some insight into approximate theories 
of impact-loaded beams due to Daniel Bernoulli (1770)--which, 
surprisingly, involved a Rayleigh-Ritz type of approximation for 
the first vibration mode and a minimization of the kinetic 
energy--and to Homersham Cox (1834, 1836, and 1849). 
Finally, a brief discussion of experimental investigations 
on impact closes this valuable history of mechanical principles. 
The reviewer regrets that his publisher was not able to ne- 
gotiate the rights for an English-language translation of this 
book, which he can recommend to any person interested in mechanics 
as a scientific discipline. However, as mentioned supra, any his- 
tory of this kind is a vast undertaking and places enormous in- 
tellectual and cultural requirements on the author. As is to be 
expected, no author can satisfy all that the subject demands, 
not even an intellectual giant such as the late Pierre Duhem. 
The reviewer urges the readers of this history also to study 
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Duhem's The Evolution of Mechanics (1903), which was published 
by Sijthoff & Noordhoff International Publishers under the re- 
viewer's editorship in its first English translation in 1980, 
and Truesdell's Essays in the History of Mechanics (1968), pub- 
lished by Springer-Verlag, to obtain a sound and comprehensive 
critical view of the development of mechanics as a science. 
